Abstract. The effects of aspect ratio and fiber-epoxy weight ratio of coir fibre/epoxy composite wing idealized as flat plate on flutter speed were preliminary studied in this current research to investigate the aeroelastic response on natural fiber composite material. The usage of natural material such as coir fiber reinforced composite might become possible solutions in future since it offers lower weight, cost reduction, and preservation of the environment factor compared to presence structures like conventional glass or carbon fiber as the reinforcement for composites. For this work, the analysis of coir fiber on aeroelastic problem will be preliminary investigated to establish related data to be served, especially in the aerospace research areas. The research began with the existing raw untreated coir fiber, which was in the form of pressed mat and originally in random oriented fiber forms, were set in the composite preparation process by simple hand-lay-up and compression moulding method under the room temperature and also controlled pressure conditions. Specimen with different aspect ratios (5, 6 and 7) with 25% wt fiber reinforcement composite was installed in the wind tunnel for subsonic experimental aeroelastic test. The result shows that the plates with lower aspect ratio have higher flutter speed.
Introduction
Flutter is an aeroelastic phenomena where aerodynamic forces combined with motion in two modes of vibration. It leads to unfavourable modes coupling and often causes structure failure. It occurs at the flutter speed when the structure starts to experience both coupling modes following initial disturbance. In the case of aircraft, flutter can take various forms involving different pairs of interacting modes, e.g. wing bending and torsion, wing torsion and control surface, wing and engine, etc. One way to avoid aeroelastic phenomena is to make the airframe more rigid, which normally results in increasing the gross weight of the aircraft. However, one of the objectives in aircraft design process is to reduce the overall weight of the structure. In the past few decades, several efforts have been done to counter this problem including reduction of weight by using the conventional composite and metallic materials. In the search for alternative material, natural fiber should be the one of the potential materials to replace conventional fiber since they offer some specific characteristics. The increment in the consumption of coconut fruit for food processing and other industrial usage in the presence day leads to the increase in production of non-recyclable coconut trash in the form of coconut husks. The introduction of natural materials like coir fibre reinforced composite might become a potential future solution as it offers low weight, cost reduction and preservation of the environment factors compared to conventional material, while also offering a good use of this abundantly available raw material.
Coir fibre is the one of natural fibres that abundantly available in tropical regions including India, Sri Lanka, Philippines, and Malaysia [1] . Brown fibre that extracted from matured coconuts are thicker, stronger, and higher abrasion resistant compared to white fibre that extracted from immature coconuts. Brown fibre is mostly used in engineering and research applications and normally available in semi-finished product forms namely bristle (long fibres), mattress (relatively short), and decorticated (mixed fibres) and they provide excellent insulation against temperature and sound, not easily combustible, flame-retardant, unaffected by moisture and dampness, tough and durable, resilient, spring back to shape even after constant use, static free and easy to clean [2] . Epoxy resin (thermoset resin group) is one of the commonly used matrix materials. It is low in density, good corrosion resistance, low thermal and electrical conductivities, translucence and aesthetis colour effects while their limitations are low in transverse strength and operational temperature limits. In addition, curing time of epoxy resin is much higher than polyester resin and it has greater binding property [3, 4] . In case of coir fibre reinforced composites, there are several reported works done on them. Arylmis et al. [5] worked on preparation of coir composite panel for automotive interior applications and found the optimal use of composite contents for that specific purpose are 60% wt coir fibre, 37% PP powder and 3% MAPP. Affandi et al. [19] studied the use of coir sheets as impact-resisting aerospace materials. Mujahid et al. [6] stated dynamic characteristics of coconut coir fibre reinforced composite are greatly dependent on the volume percentage of fibre by using experimental modal analysis [EMA] on the composite sample, but the increase of fibres will make composite to have the tendency of low stiffness and ductility. Aireddy et. al. [7] studied coir dust reinforced epoxy matrix composites of different compositions and found out that the abrasive wear resistance of the composite depends on coir dust concentration, sliding distance and applied normal load. The abrasive wear resistance decreased with increased in normal load and coir dust concentration. Romli et al. [20] studied the effects of the fiber volume fraction, curing time and the compression load applied during fabrication of the coir-based composite on its tensile strength. Lai et al. [8] did an experiment on coir fiber-reinforced polypropylene composite and found the composite with treated coir fiber have a higher tensile modulus and greater flexural strength than untreated one. Verma et. al [4] state that chemical modifications are commonly considered to optimize interfacial properties between natural fibre and polymer matrix because of the hydrophilic nature of natural fibers. However, research done by others on fiber treatment reported that usual treatments did not significantly modify mechanical performance of coir-polyester composites as reviewed by Monteiro [9] .
Raymond et. al. [10] defined flutter as a dynamic instability of an elastic structure in an airstream. Livne [11] briefed that the two vibration modes couple together and lead to dynamic instability of the deformable body such as aircraft wing due to the bending and torsion characteristics of the wing itself, leading to flutter phenomenon in which energy is absorbed from the airstream and yields a self-excited oscillation. Occurrence of flutter is caused by interactions between aerodynamics, stiffness and inertial forces [12] . Flutter characteristics must be considered as one of the significant parts in designing an aircraft. Laila and ShahNor [13] did limit cycle oscillation (LCO) flutter analysis on woven glass/epoxy laminate in subsonic flow and found the occurence of non-linearities in the system on cantilevered laminate that was subjected to LCO. Patil and Hodges [14] did the work of LCO in high aspect ratio wings and state that LCO data becomes increasingly complex with the increase in speed. Shiau and Lu [15] studied nonlinear flutter of composite lamine plates and concluded that the fiber orientation has significant effect of flutter behaviour. Attaran et. al. [16] did a parametric studies of woven fiberglass/ epoxy laminated composite flat plate and found out that effective ply orientation angle to be somewhere between 15 and 30 degrees while the plates with lower aspect ratio and forward-swept configuration seem to have greater flutter speeds. Bujang et. al [18] studied mechanical and dynamic characteristics of random oriented and discontinued coconut fibre reinforced polyester composite for 15% and below fibre volume, and found that the strength of the composite tends to decrease with the amount of fibre, which indicates ineffective stress transfer between the matrix and fibre. Besides that, natural frequency was also decreased with volume increase of coir fibre.
For this research, aircraft wing idealized as a coir fibre/epoxy composite flat plate that represents a low to moderate aspect ratio wing was experimentally analysed in term of its aeroelasticity response to establish preliminary related data that might be used in future aerospace research areas. The parametric study has been carried out to study the effect of different aspect ratios cantilevered coir fibre/epoxy composite flat plate on flutter speed. This study was carried out in the range of 72 AEROTECH V: Progressive Aerospace Research incompressible flight regime. Details of research methodology and result analysis will be discussed in the next section.
Materials and Method
A commercially available semi-finished product of raw brown coir fibres as shown in Fig. 1 was used in the form of pressed mat and originally in random oriented fibre form. The fibres were untreated (no surface modification). Table 1 . The fabricated samples were then cut into required sizes according to the aspect ratios: AR6 (360 mm x 60 mm x 3mm) and AR7 (420 mm x 60 mm x 3mm). The modal test has been done on all samples to get the approximate range of value for flutter speed and frequency of the model for wind tunnel aeroelastic test. From the results obtained in Table II , the flutter speed was approximately beyond the maximum speed the wind tunnel used specifically in this study could run. Therefore, the wind tunnel test should be run only to predict the flutter speed from damping constant and wind flow speed graph projection at the zero damping constant. In this research, subsonic open loop wind tunnel with a 1m x 1m x 2.5m test section at Universiti Putra Malaysia was used. Calibrations have been done on wind tunnel including wind speed, uniform flow and boundary layer calibration. The system used was a sidewall mounted system. The test-rig is designed and fabricated for the testing of cantilevered model like a beam model or scaledown wing model. Fig. 3 shows the model installation inside the wind tunnel. Furthermore, data acquisition systems, DAQ were used in gathering signals from measurement sources and digitizing the signal for storage and analysis. The basic DAQ systems used are transducer and sensor, analogue signal, signal conditioning, DAQ hardware and application software. Transducer used in this research is strain gauge type Kyowa KFRP-5-120-C1-9L3M2R and used to measure physical phenomenon into a measurable voltage. Two sensors are glued near the root of the sample and each represents bending and torsional direction, respectively. The thread wire was attached at the model's tip as to give an excitation to the model during test. This is because the bending force that caused the deflection is much higher at the tip than at other locations along the model. The hardware used to analyse analogue signals is Kyowa strain amplifier and the signal conditioning
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type DBP-713B. The National Instruments PCI 6023E device was used to digitize incoming analogue signals in order to be interpreted by the computer. DASYLab V7 software was used as the application software. The fabricated test rig clamped the flat plate of coir fibre composite sample in cantilever manner inside the wind tunnel in order for it to act as a real aircraft wing. The data acquisition has been used to record the data during wind tunnel test. Then, the wind tunnel airflow frequency is gradually increased by a factor of 3Hz until reaches 36 Hz. At the first run, the motor controller was turned down to 0 Hz so that the airflow velocity inside wind tunnel is zero. The wind tunnel fan then turned on and signals from the strain gauges, which are a micro strain that obtained deflected signals from bending and torsional directions, were recorded using the application software. For every increment, the wire at the tip that was attached to the model was used to give a few excitations during the run and the software recorded the data until the model returns back to its stable condition. The schematic diagram for the wind tunnel test can be seen as in Fig. 4 . 
Results and Discussion
The critical speed or an unstable condition is not approachable in this research because of it is beyond the maximum limit of the wind tunnel used. Therefore, the prediction of flutter speed was done using damping constant (C) determination for each speed or frequencies. The flutter speed will be predicted when the damping constant is zero. From the results obtained as seen in Fig. 5 , the bending deflection decreased steadily against time for three excitations applied but for torsion deflection the results exhibit an unsteady pattern against time for each excitation applied on the model. Therefore, only bending deflection at the root location will be considered to calculate the damping constant (C). 
AEROTECH V: Progressive Aerospace Research
The motion described by Fig. 6 is a damped harmonic motion of the wing model where amplitude decreases exponentially with time. A convenient way to calculate the damping constant is by using the logarithmic decrement ( ) method [17] , which is defined as the natural logarithm of the ratio of any two successive amplitudes. Calculation of damping constant can be summarized as: damping constant, C = 2 ; where: = ln = ; and ( From the results obtained in Fig. 7 and Fig. 8 , damping constant values of the system are different for each particular condition due to effects of aerodynamic damping constant and structural damping constant. It is because the changing of airflow velocity leads to the changing of aerodynamic damping constant and model damping constant but structural damping constant remains the same. The statistical analysis applied here is a second order polynomial regression anaylisis with R² values for AR7 and AR6 samples are 0.2749 and 0.2459, respectively. The results show relatively strong scattering of the values throughout change in airflow velocity. Statistically, the closer R² value to 1, the less scattered the points on the graph.
Some irregularities of data were caused by manufacturing process and experimental test limitation including inconsistencies in plate thickness, dimension, porosity, airflow disturbance caused by pasted strain gauges and thread wire on the model. Therefore, proper controls or minimizing these errors have been taken in manufacturing process (proper machine handling etc.) and in experimental test like the tape and small radius but strong exciter thread was properly selected to minimize the flow disturbance in wind tunnel experimental test. The test has been repeated several times to find if there are major irregularities in the data obtained. The damping constant increases as airflow velocity increases until a certain point due to aerodynamic damping constant effect and the value decreases as for higher airflow velocity. According to the graph in Fig.  7 and Fig. 8 , model damping constant values for aspect ratio 7 (AR7) and aspect ratio 6 (AR6) coir fibre composite flat panels will approach zero at approximately 39.33 m/s and 45.89 m/s, respectively. Thus, these speeds would be designated as the flutter speeds for the models. As seen from the results, one can says that the decrease in aspect ratio generally will result in an increase in flutter speed and it has been confirmed with the Attaran's work [16] as mentioned in the literature previously. In addition, the comparison done between conventional fibers done by Attaran has shown that the conventional woven fiber/epoxy composite results in a lower flutter speed than the natural fibre composite like coir fibre/epoxy composite.
These findings give a good indicator for natural fibre composite that might be used as an alternative replacement to the present conventional composite. Furthermore, the preliminary data obtained shows that coir fibre/epoxy composite has a better aeroelastic response compared to conventional composite with the extra value added such as low in weight, manufacturing and maintenance cost, and utilization of eco-friendly material factors. 
Conclusion
The study of aircraft wing idealized as a coir fibre/epoxy composite flat plate, which represents the low to moderate aspect ratio wings, was carried out in term of their aeroelastic response to establish the preliminary related data The parametric study on the effect of different aspect ratios cantilevered coir fibre/epoxy composite flat plate on the flutter speed has been carried out in incompressible flight regime. The results shows that a lower model aspect ratio generally will increase the flutter speed. The data obtained might be served as a reference in future aerospace research areas. Future studies should focus on numerical flutter and optimization of coir fibre composite including hybridization, tailoring, and fibre modifications.
